Test of the four-fermion contact interaction in $e^+ e^-$ collisions at 130-140 GeV by Alexander, Gideon et al.
EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH
CERN-PPE/96-098
18 July 1996






































! qq at centre-of-mass energies of 130-140 GeV were
studied using about 5 pb
 1
of data collected with the OPAL detector at LEP in October
and November 1995. The results are in agreement with the Standard Model predictions.
Four-fermion contact interaction models were tted to the data and lower limits were
obtained on the energy scale  at the 95 % condence level.
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1 Introduction




collision data at energies
well above the Z
0













(` = e; ;  ) have been observed by OPAL to be in good agreement with Standard
Model expectations [1]. It is interesting to see what constraints are set by these data on possible
contributions from new physics.
Here we study the four-fermion contact interaction [2]. The basic idea is that the Standard
Model is a part of a more general theory characterised by an energy scale  and the consequences
of the theory are observed at energies well below  as a deviation from the Standard Model
which can be described by an eective contact interaction. In the context of composite models of
leptons and quarks, the contact interaction is regarded as a remnant of the binding force between









). If the other leptons and quarks share the same type of substructure,

















More generally, the contact interaction is considered to be a convenient parametrisation to
describe a possible deviation from the Standard Model, which may be caused by some new
physics.













! qq [5, 11]. It is expected that the sensitivity of
the measurements to the contact interaction will increase with centre-of-mass energy (
p
s) due
to the decrease of the Standard Model cross-section as 1=s, while some contributions of the
contact interaction stay constant or even increase in proportion to s [12]. Here we present a





























channels using OPAL data at centre-of-mass energies of 130-140 GeV. The cross-sections are
compared with expectations of contact interaction models in order to set lower limits on the
energy scale .
2 Four-fermion contact interaction
In the contact interaction approach, the Standard Model contribution remains unchanged,
but an eective new interaction is added to it. Following the notation in [13], the eective




































1 f = e










) are chirality projections of electron (fermion) spinors. The unknown
coecients 
ij
determine the type of chiral coupling of the four fermions, L and R denote left-
and right-handed currents, respectively, and  is the energy scale of the contact interaction.
4
By convention, the unknown coupling constant g is set to g
2
=4 = 1 and j
ij









, the size of the contact interaction diers from the other channels by a
statistical factor of 1/2. A number of dierent models (choice of 
ij
parameters) are customarily
considered. They are summarised in table 1. The V V and AA denote the vector and axial
vector couplings, respectively. The signs () of the 
ij
indicate positive or negative interference
with the Standard Model amplitude.







function of the polar angle  of the outgoing fermion with respect to the e
 
beam direction,





































































with t =  
1
2
s(1  cos ) and u =  
1
2
s(1 + cos ). The overall colour factor F
C










































































(i = j): (5)











































where e is the electron charge, Q
f
is the electric charge in units of jej of the fermion f, I
3
is
the third component of the weak isospin and 
W















It should be noted that the LR and RL models give identical results for lepton pair channels
while for the qq nal state the results of the LR and RL models are dierent.




















The rst term denotes the Standard Model cross-section. The second and third terms come from
the contact interaction and represent deviations from the Standard Model expectation. The C
0
2











(s; t) have dierent dependences on s and t depending on the nal state fermion and
the choice of the contact interaction model.
5
3 Data sample




collision data at centre-of-mass energies well above the Z
0
resonance is a
tendency for radiative return to the Z
0
by emitting initial-state radiation photons which reduces








collision to the region of the Z
0
































so excluding the events from radiative return to the Z
0
. The

















! qq channels s
0
=s > 0:8 was required. An almost equivalent








sample using a cut on the maximum acollinearity angle
at 10

. The integrated luminosity of the data sample is about 5.2 pb
 1
divided among three
centre-of-mass energies of 130.26 GeV (2.7 pb
 1
), 130.23 GeV (2.5 pb
 1
) and 140 GeV (0.05
pb
 1





























































The luminosity error was estimated to be 1 %.
The angular distributions of the leptonic channels are expressed in 9 bins over  0:9 <





















channels. The results are summarised in table 2 together with the corresponding values




! qq channel only the total cross-sections given
in [1] were used in this analysis.
4 Calculation of predicted cross-sections
In order to compare the model with the data, the lowest order cross-section (6) must be corrected
for electroweak and QED radiative eects and the expected cross-section calculated taking into




! qq channel must be corrected also for QCD eects.
Dierent approaches were used for the Standard Model part and for the contact interaction
terms.
The Standard Model cross-sections were calculated for each cos  bin and centre-of-mass


































and qq) at the same
value as in the data sample. The systematic uncertainty of these predictions is estimated to be



























The Standard Model parameters were xed at M
Z





= 100 GeV. The dependences of the cross-section on these parameters within
their uncertainties are negligible compared to the sensitivity of the present t.
1








events were used in [1] for the measurement of forward-backward
asymmetry; these are slightly dierent from those used for the cross-section measurement because of additional
requirements to ensure good charge determination.
2
These are conservative estimates based on comparisons of the results using dierent programs. The theo-
retical accuracy of ZFITTER is estimated in [16] to be better than 1% at the LEP 2 energy region.
6






were evaluated using the improved Born approxi-




was calculated by ZFITTER. The







were then corrected for the eect of photon radiation according to [17]. Initial-state radiation
was calculated up to order 
2
in the leading log approximation with soft photon exponentiation,
and the order  leading log nal state QED correction was applied.








at the centre-of-mass energy point k and cos  bin i is
























is the Standard Model cross-section. The values of the radiatively corrected contact
interaction coecients, C
2
(i; k) and C
4
(i; k), were calculated by integrating over each cos  bin
i at each centre-of-mass energy point k for each of the contact interaction models and nal


























! qq) ; (8)
where the additional QCD correction factor R
QCD







separately for the contact interaction terms. The contact interaction is assumed to be indepen-
dent of the quark avour.
5 Fit results
The predictions of the contact interaction models were tted to the data using a binned maxi-














("; r)) : (9)
Here r is a correction to the overall normalisation and G(r;r) is the Gaussian probability























(") is the cross-section dened above (equations 7, 8), E
i;k
is the correction factor
for the experimental eciency, B
i;k
is the expected background cross-section and L
k
is the
integrated luminosity. The value of r was set to the value of the sum in quadrature of the
luminosity error, the systematic error of the event selection and the theoretical uncertainty on
the cross-section calculation.
The contact interaction models were tted to the data with r and "  1=
2
as tting
parameters. Note that both positive and negative values of " are physically meaningful. As seen
7
from equations 2-5, the term C
2










. The results of positive and negative interference with the Standard Model amplitude (sign
of 
ij
parameters) are equivalent under the transformation "$  ". It is therefore sucient to
t only for the case of positive interference, but to allow " to be both positive and negative.
The results of the ts are tabulated in table 3 for the four individual channels. Fits are also








) and the lepton and qq channels
combined (all combined). As described before, for the lepton pair channels the results of the
LR and RL models are identical and only the LR results are quoted. The tted values and
their one standard deviation errors on " are listed in the second column. Figure 1 shows the












, `` and `` + qq channels. The error bars in the
plots show the positive and negative one standard deviation errors. No signicant deviation of




channel by about 2 standard deviations.
Now we check the sensitivity of the present data to the energy scale  of the contact
interaction. For this purpose the sensitivity estimate  is dened in terms of the one sided








is the one standard deviation parabolic error on ". This corresponds to the upper
limit on " allowed for the uctuation of the data at the 95 % condence level. The values of 
are listed in the third column of table 3. They are in the range of 1.7 to 5.0 TeV depending on
the model and the nal state fermion.












are the 95 % condence level limits on " for positive (+) and negative ( )
interference, respectively. The limits "

are derived by integrating the probability in the range




















Here L is the likelihood function given by equation (9). In the integration the overall scale
error r was adjusted at each value of " to maximise the likelihood. It should be noted that the
limits on  dened in this way tend to be conservative if the true value of " is close to zero
[18]. In previous analyses [3{11, 13] the limits were calculated from the positive and negative
one standard deviation errors (

) and the tted value ("
0









However, in that case a problem occurs when "
0
deviates substantially from 0, where  cannot
be dened (unphysical region) and the positive and negative limits tend to be quite asymmetric.
In order to avoid this problem,  was used in [10] when  > .
The results are summarised in the fourth and fth columns of table 3. The limits on 
obtained in this way are generally quite close to the sensitivity estimate , indicating that
8
these limits are reasonable. It is seen that the present data are particularly sensitive for the
V V and AA models. When all channels are combined the limits on  are in the range of 3.4-4.9
TeV for the V V and AA models, and 2.0-3.1 TeV for the other models. Note that, as described
in section 2, the coupling constant of the contact interaction is set by convention to g
2
=4 = 1.
What is actually constrained by the data is =g. In gure 2 the measured cross-sections are
compared with the Standard Model predictions and with contact interaction models V V and
AA for 

at the corresponding 95 % condence level lower limits.




! qq are lower by up to two standard devia-
tions than the predictions. Note that the contact interaction cannot produce a large negative




! qq in this energy region and above. This
is a consequence of the assumption that the contact interaction is universal for all ve quark
avours. The cross-section for an individual quark avour can deviate either positively or
negatively due to interference of the contact interaction with the Standard Model amplitude.
The signs of the interferences are opposite for up and down type quarks, and so largely cancel
each other. Due to the positive contribution from the 1=
4
term the net result turns out to
be insucient to accommodate the data. Under other assumptions, for example that contact
interactions apply only to down (or up) type quarks, both positive and negative deviations may



































! qq at centre-of-mass energies of 130-140 GeV are compared with
predictions of the Standard Model and of the contact interaction models. The measured cross-
sections are in agreement with the Standard Model expectations. The limits obtained by OPAL
on the energy scale  are competitive with, or in some cases stronger than, those using existing
measurements at lower energies [3{11,13].
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130.26 GeV (2.7 pb
 1





d=d cos  (pb) N
ee
d=d cos  (pb)
 0:9 :  0:7 2 43 3 64
 0:7 :  0:5 3 63 3 64
 0:5 :  0:3 2 43 3 64
 0:3 :  0:1 3 63 3 64
 0:1 : 0:1 7 135 5 105
0:1 : 0:3 10 196 8 166
0:3 : 0:5 27 5210 12 247
0:5 : 0:7 59 11315 61 12316





130.26 GeV (2.7 pb
 1





d=d cos  (pb) N

d=d cos  (pb)
 1:0 :  0:8 0 0 0 0
 0:8 :  0:6 2 43 0 0
 0:6 :  0:4 1 22 0 0
 0:4 :  0:2 4 74 3 64
 0:2 : 0:0 0 0 1 22
0:0 : 0:2 2 33 3 63
0:2 : 0:4 5 94 2 43
0:4 : 0:6 2 33 7 146
0:6 : 0:8 3 54 5 105





130.26 GeV (2.7 pb
 1





d=d cos  (pb) N

d=d cos  (pb)
 1:0 :  0:8 0 0 0 0
 0:8 :  0:6 0 0 0 0
 0:6 :  0:4 0 0 0 0
 0:4 :  0:2 0 0 0 0
 0:2 : 0:0 0 0 0 0
0:0 : 0:2 1 33 1 33
0:2 : 0:4 2 64 2 64
0:4 : 0:6 3 95 5 167
0:6 : 0:8 1 33 2 75
0:8 : 1:0 2 118 0 0




































































































































































































































































ε  (TeV −2)
OPAL
Figure 1: Values of " (TeV
 2
) shown with one standard deviation errors for the six contact








































































SM d) qq− VV+ VV−AA+ AA−
OPAL













(c) and qq (d) channels. The points with error bars are the
present measurements and the curves indicate maximum deviations allowed at 95 % condence
level for the V V and AA models.
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